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(57) ABSTRACT

A surface hardening material being excellent in abrasion
resistance and having impact resistance is provided. Provided
are: a wear-resistant cobalt-based alloy containing 20.0 to
30.0 mass % of a sum of Mo and/or W, 0.8 to 2.2 mass % of
B, 5.0to 18.0 mass % of Cr, 5.0 mass % or less of a sum of Fe,
Ni, Mn, Cu, Si and C, 1.0 mass % or less of Si, and 0.3 mass
% or less of C, and the remainder comprising 55.0 to 70.0
mass % of Co and unavoidable impurities; and an engine
valve coated with the same.

13 Claims, 1 Drawing Sheet
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1
WEAR-RESISTANT COBALT-BASED ALLOY
AND ENGINE VALVE COATED WITH SAME

This application is a national stage of International Appli-
cation No.: PCT/JP2011/061748, which was filed on May 23,
2011, and which claims priority to JP2010-250598, which
was filed on Nov. 9, 2010, and which are both herein incor-
porated by reference.

TECHNICAL FIELD

The present invention relates a surface hardening material
used in various construction processes such as PTA powder
overlay welding, TIG overlay welding, and thermal spraying,
and more particularly to a wear-resistant cobalt-based alloy
used in a member that demands an abrasion resistance and to
an engine valve coated with the same.

BACKGROUND ART

Conventionally, in an engine valve, a Co—Cr—W—C
type material represented by Stellite (registered trademark)
(including patent documents 1, 2) and a Co—Mo—Si type
material represented by Tribaloy (registered trademark) (in-
cluding patent documents 3 to 7) are used, and particularly
Tribaloy is used in a member that demands an abrasion resis-
tance.

The Co—Cr—W—C type material has an insufficient
abrasion resistance though having a high toughness as a sur-
face hardening material, so that the material cannot withstand
use for a long period of time. Also, the Co—Mo—Si type
material has an insufficient impact resistance though having a
high abrasion resistance as a surface hardening material, so
that problems such as cracks and exfoliation accompanied
thereby are raised.

PRIOR ART DOCUMENTS
Patent Documents

JP-A-2001-123238
JP-A-2008-522039

Japanese Patent No. 4463763
JP-A-05-131289
JP-A-09-296241
JP-A-07-278780
JP-A-04-107235

Patent Document 1:
Patent Document 2:
Patent Document 3:
Patent Document 4:
Patent Document 5:
Patent Document 6:
Patent Document 7:

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Surface hardening aiming at abrasion resistance or impact
resistance is currently used widely in various fields of indus-
try. However, due to an improvement in recent years in the
consciousness to the environment, there is an increasing
severity in the environment for use of industrial apparatus. In
accompaniment therewith, surface hardening material is
requested to have a higher performance. In particular, in a
filling material used in an engine valve, development of a
surface hardening material being excellent in abrasion resis-
tance and having impact resistance is demanded.

Means for Solving the Problems

In the present invention, in a study of an alloy composition
far developing a surface hardening material excellent in abra-
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2

sion resistance, the following target values have been set, and

the conditions have been set to satisfy all of these.

(Target Value)

(1) Charpy impact value—5 J/cm? or more

(2) Hardness—52 HRC or more

(3) Overlaying workability—the fluidity of a molten pool
formed at the time of overlay welding is good

(4) Thermal impact value—cracks or exfoliation is not gen-

erated until 600° C.

In other words, a wear-resistant cobalt-based alloy of the
present invention that satisfies the above targets (1) to (4)
contains 20.0 to 30.0 mass % of a sum of Mo and/or W, 0.8 to
2.2 mass of B, 5.0 to 18.0 mass % of Cr, wherein the remain-
der comprises 55.0 to 70.0 mass % of Co and unavoidable
impurities. Here, the unavoidable impurities are impurities
that are mingled unavoidably in the steps of producing each
material and the like, though not intentionally added. Such
impurities include, for example, Mg, S, O, N, V, Zr, Sn, and
the like, and the total sum of these is typically 0.3 mass % or
less, which is of a degree that does not affect the function of
the present invention.

Also, a wear-resistant cobalt-based alloy of the present
invention contains 20.0 to 30.0 mass % of a sum of Mo and/or
W, 0.8 to 2.2 mass % of B, 5.0 to 18.0 mass % of Cr, and
further contains 5.0 mass % or less of a sum of Fe, Ni, Mn, Cu,
Siand C, 1.0 mass % or less of Si, and 0.3 mass % or less of
C, wherein the remainder comprises 55.0 to 70.0 mass % of
Co and unavoidable impurities.

Also, an engine valve of the present invention is filled or
coated with a wear-resistant cobalt-based alloy having the
aforesaid composition. A more preferable engine valve is
such that at least a face surface abutting against a sheet is filled
or coated with the aforesaid wear-resistant cobalt-based alloy.

Next, the reason why the range of each component of the
cobalt-based alloy pertaining to the present invention alloy is
limited will be described.

Mo and W impart abrasion resistance and impact resistance
by being dissolved into a Co solid solution which serves as a
substrate (matrix), and part thereof forms an intermetallic
compound with B, thereby further contributing to improve-
ment in the abrasion resistance. However, when the sum
amount of Mo and W is less than 20.0 mass %, the solid
solution reinforcement is insufficient. When the sum amount
exceeds 30.0 mass %, the intermetallic compound is formed
in a large amount, thereby greatly lowering the toughness
(impact resistance). For this reason, the sum amount of Mo
and/or W has been set to be within arange 0£20.0t0 30.0 mass
%.

B imparts abrasion resistance by forming an intermetallic
compound with Cr or Mo, and cleans the molten metal to
improve the fluidity at the time of filling, thereby improving
the construction workability such as PTA, TIG overlaying, or
thermal spraying. However, when the content is less than 0.8
mass %, a sufficient amount of intermetallic compound is not
formed, so that the abrasion property is lowered, and more-
over, the function of cleaning the molten metal is insufficient.
Further, when the content exceeds 2.2 mass %, the interme-
tallic compound is large in amount, thereby greatly lowering
the toughness (impact resistance). For this reason, the content
of' B has been set to be within a range of 0.8 to 2.2 mass %.

Cr imparts abrasion resistance, impact resistance, corro-
sion resistance, and oxidation resistance by being dissolved
into a Co solid solution. Also, part of Cr forms an intermetal-
lic compound with B so as to be dispersed in the matrix,
thereby further contributing to improvement in the abrasion
resistance. However, when the content of Cr is less than 5.0
mass %, sufficient abrasion resistance, corrosion resistance,
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and oxidation resistance cannot be obtained. When the con-
tent exceeds 18.0 mass %, the intermetallic compound is
formed in a large amount in the metal tissue, thereby greatly
lowering the toughness. Therefore, the range of the content
has been set to be 5.0 to 18.0 mass %.

The cobalt-based alloy of the present invention can further
contain 5.0 mass % or less of a sum of Fe, Ni, Mn, Cu, Si and
C, 1.0 mass % or less of Si, and 0.3 mass % or less of C as
added elements that do not give adverse effects on the physi-
cal properties.

Effect of the Invention

The cobalt-based alloy of the present invention has char-
acteristics of a Charpy impact value of 5 J/cm? or more and a
hardness of 52 HRC or more, has a good PTA overlaying
workability, and does not generate cracks or exfoliation until
600° C. in a thermal impact test of an overlay test piece, so
that the alloy can be applied to a wide range of use as a surface
hardening material having excellent abrasion resistance and
impact resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view in one example of an engine
valve coated with a wear-resistant cobalt-based alloy of the
present invention.

MODE FOR CARRYING OUT THE INVENTION

The cobalt-based alloy of the present invention can be
obtained by heating and melting an ingot, in which Co as a
base, Mo and/or W, Cr, and B as added components, and Fe,
Si, Mn, Cu, Ni and C added in accordance with the needs are
each adjusted and blended to have a predetermined mass %, in
a crucible within a melting furnace so as to form an alloy in a
liquid form, and thereafter transforming the molten alloy into
a powder by the atomization method or the melt-crushing
method or casting in a predetermined mold to form a rod
shape or a plate shape.

In particular, the cobalt-based alloy powder produced by
the atomization method can be applied to surface reforming
construction such as PTA overlaying or thermal spraying by
being adjusted to have a particle size suitable for the intended
construction method. The overlay-welded rod produced by
the continuous casting method can be applied to surface
reforming construction such as gas overlaying. Also, by con-
structing this powder or rod material on an engine valve
having various material qualities, an abrasion resistance can
be imparted to the engine valve.

EXAMPLES

The alloys of the Examples of the present invention pre-
pared and blended in the above-described manner and the
alloys of the Comparative Examples were melted and sub-
jected to measurement of the Charpy impact value and the
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Rockwell hardness by the methods described below, and an
overlaying test and a thermal impact test were carried out by
the methods described below.

(1) Charpy Impact Test;

By using an electric furnace, 100 g of an ingot having a
blending composition of each alloy was heated to about 1600°
C. and melted in a stream of argon, and was cast into a shell
mold to be mechanically processed into test piece (without a
notch) described in JIS Z.2242:2005. Then, by using a Charpy
impact tester, an impact test was carried out in accordance
with JIS Z 2242:2005, so as to measure the impact value.
(2) Hardness Measurement;

A cast piece melted by the same method as described in the
above (1) was mechanically processed into a shape of 10x10x
20 mm to expose a parallel surface, and the top part of the
parallel surface was subjected to wet polishing with a water-
resistant abrasive paper of No. 240, so as to carry out a
Rockwell hardness test in accordance with JIS Z 2245:2005.
Here, the measurement was carried out in C scale.

(3) PTA Overlaying Test;

By using a high-frequency melting furnace, 100 kg of an
ingot having a blending composition of each alloy was heated
to about 1600° C. and melted in a stream of argon, and was
pulverized by the gas atomization method, so as to adjust the
particle size to 80 to 350 mesh by a vibration sieve. This alloy
powder was subjected to plasma powder overlay welding on
a face surface (the part shown by the reference sign 2 in FIG.
1) of an engine valve (umbrella diameter of about 70 mm,
axial diameter of about 14 mm, and a total length of about 300
mm) fabricated by using a heat-resistant steel (SUH3) defined
in JIS G 4311:1991, and the fluidity state of the molten pool
formed at the time of overlay welding was examined. Here,
the evaluation standard for the fluidity state is represented by
any one of the following, and an alloy providing a good
fluidity state is expressed as “Extremely good” or “Good”.
(Evaluation Standard)

Extremely good: equivalent to or more than Comparative
Examples P, Q (cobalt self-fluxing alloy)

Good: equivalent to or more than Comparative Example A
(Stellite 6)

Slightly poor: poorer than Comparative Example A but
better than Comparative Example F (Tribaloy 400)

Poor: equivalent to or less than Comparative Example F
(4) Thermal Impact Test;

The engine valve fabricated by the same method as
described in the above (3) was thermally treated for one hour
in an electric furnace set at 400° C., and thereafter put into
water of about 20° C. for quick quenching. Subsequently, the
thermal treatment temperature is further raised by 50° C., so
as to perform a thermal treatment for one hour and quenching
with water. This is repeated until the thermal treatment tem-
perature becomes 600° C., and whether cracks or exfoliation
was generated or not after the thermal treatment at 600° C.
was examined.

Table 1 shows the Examples of the present invention, and
Table 2 and Table 3 show the Comparative Examples.
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TABLE 1
Thermal impact test
Overlay (600° C.—quenching
Impact Hard- workability with water)
Composition (mass %) value  ness State of Presence or absence of

No. Co Mo w Cr B Others Jiem? HRC molten pool cracks or exfoliation
Alloys 1 69.5 210 — 80 1.5 — 7 53.1  Extremely good none
of the 2 595 190 100 100 1.5 — 5 61.2  Extremely good none
present 3 680 — 240 6.0 2.0 — 6 56.5  Extremely good none
invention 4 597 — 210 180 13 — 6 54.6  Extremely good none
5 630 120 16.0 8.0 1.0 — 6 52.3 Good none
6 656 230 — 100 14 — 6 54.5  Extremely good none
7 635 250 — 100 15 — 6 55.0  Extremely good none
8 615 125 125 120 15 — 7 55.2  Extremely good none
9 617 — 270 100 13 — 8 53.8  Extremely good none
10 594 — 230 160 1.6 — 5 54.6  Extremely good none
11 672 — 220 9.0 1.8 — 5 54.1  Extremely good none
12 560 220 — 160 1.5 4.5Fe 8 52.8  Extremely good none
13 592 — 250 100 1.3 3N 9 52.3  Extremely good none
1.5Cu
14 573 150 100 120 1.2 3N 6 53.7  Extremely good none
1.5Mn
15 670 230 — 80 1.2 0.8Si 5 56.2  Extremely good none
16 587 12.0 120 160 1.1 0.2C 5 54.3 Good none
17 600 — 260 100 1.5 2Cu, 6 53.6  Extremely good none
0.581
18 554 150 100 150 1.5 3Fe, 5 55.3  Extremely good none
0.1C
TABLE 2
Thermal impact test
Overlay (600° C.—quenching
Impact Hard- workability with water)
Composition (mass %) value  ness State of Presence or absence of
No. Co Mo w Cr B Others Jiem? HRC molten pool cracks or exfoliation
Comparative a 714 210 — 6.0 1.6 — 8 504  Extremely good none
Examples b 53.6 160 160 13.0 14 — 2 61.5  Extremely good present
c 652 180 — 150 1.8 — 4 56.7  Extremely good present
d 67.0 10.0 18.0 3.0 2.0 — 4 57.2  Extremely good present
e 555 — 230 200 15 — 3 58.0  Extremely good present
f 655 180 — 16.0 0.5 — 10 47.3 Good none
g 655 100 12.0 10.0 25 — 2 61.5  Extremely good present
h 557 230 — 120 1.3 4Fe, 9 49.8  Extremely good none
4Ni
i 55.2 8.0 12.0 16.0 1.8 5Ni, 8 504  Extremely good none
2Cu
j 633 240 — 8.0 1.2 1.58i, 3 56.1  Extremely good present
2Mn
k 584 — 220 180 1.1 0.5C 2 59.6 Good present
TABLE 3
Thermal impact test
Overlay (600° C.—quenching
Impact Hard- workability with water)
Composition (mass %) value  ness State of Presence or absence of
No. Co Mo W Cr B C Si Others Jlem?  HRC molten pool cracks or exfoliation
Comparative A 65.7 — 46 285 — 1.2 — — 14 433 Good none
Examples B 60.0 — 85 300 — 1.5 — — 6 484 Good present
C 60.49 85 — 290 — 2.0 — 0.01Mn 7 48.2 Slightly poor present
D 64.5 45 — 290 — 1.25 —  0.55Mn, 15 42.1 Poor none
0.2Ti
E 58.2 120 — 28.0 — 0.3 — 1.5Ni 14 39.5 Slightly poor none
F 59.7 290 — 85 — — 2.8 — 3 55.2 Poor present
G 59.5 220 — 17.0 — 0.2 13 — 4 49.2 Slightly poor present
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TABLE 3-continued
Thermal impact test
Overlay (600° C.—quenching
Impact Hard- workability with water)
Composition (mass %) value  ness State of Presence or absence of
No. Co Mo W Cr B C Si Others Jlem?  HRC molten pool cracks or exfoliation
H 56.4 270 — 140 — — 2.6 — 3 52.5 Slightly poor present
I 60.32 285 — 85 — 0.08 2.6 — 2 51.6 Slightly poor present
I 50.228 286 — 177 0.002 0.07 3.4 — 2 34.1 Poor present
K 552 325 — 80 — 0.42 3.88 — 3 584 Slightly poor present
L 5923 287 — 93 0.02 019 2.56 — 4 51.9 Poor present
M  38.68 40.1 — 191 — 0.02 2.1 — 1 X Poor present
N 5946 337 53 — 0.04 1.5 — 3 56.2 Slightly poor present
(@) 59.798 214 — 16.6 — 0.0023 2.2 — 5 49.6 Slightly poor none
P 40.6 60 — 185 34 — 35 28Ni 3 50.0  Extremely good present
Q 66.8 — 80 20.0 2.7 — 2.5 — 4 57.0  Extremely good none

X[x] shows that the measurement could not be achieved since the alloy was fragile.

The alloys (a) to (k) of the Comparative Examples shown in
Table 2 are alloys having a composition outside of the scope
of the claims of the present invention. In the alloy (a), Co
exceeds the upper limit of the claims, in the alloy (h), the sum
of Fe and Ni exceeds the upper limit of the claims, and in the
alloy (i), the sum of Ni and Cu exceeds the upper limit of the
claims respectively, and in the alloy (f), each of Mo and B is
below the lower limit of the claims. In these cases, the hard-
ness does not satisfy the target value. In the alloy (b), the sum
of Mo and W exceeds the upper limit of the claims and Co is
below the lower limit of the claims, in the alloy (c), Mo is
below the lower limit of the claims, in the alloy (d), Cr is
below the lower limit of the claims respectively. And, in the
alloy (e), Cr exceeds the upper limit of the claims, in the alloy
(), B exceeds the upper limit of the claims, in the alloy (j), Si
exceeds the upper limit of the claims, in the alloy (k), C
exceeds the upper limit of the claims respectively. In these
cases, the Charpy impact value is not satisfied in any of these.
Further, in the Comparative Examples (b) to (e), (g), (j) and
(k) in which the target of the Charpy impact value is not
satisfied, generation of cracks was confirmed in the thermal
impact test.

The alloys (A) to (Q) of the Comparative Examples shown
in Table 3 are conventional Co—Cr—W—C type alloys (St-
ellite (registered trademark)), Co—Mo—Sitype alloys (Trib-
aloy (registered trademark)), or alloys having a composition
shown in other patent documents or self-fluxing alloy thermal
spraying of JIS H 8303; however, none of these satisfies the
target value of either the Charpy impact value or the hardness.
Further, in the Comparative Examples (C) to (O), the overlay
workability is poor. Also, in the Comparative Examples (B),
(O), (F)to (N), and (P), generation of cracks was confirmed in
the thermal impact test.

On the other hand, as shown in Table 1, the Examples 1 to
18 which are the alloys of the present invention satisfy the
target values of all of the Charpy impact value, the Rockwell
hardness, and the thermal impact test, and have a suitable
hardness and a high abrasion resistance as a surface hardening
material, and further are excellent in overlay workability.

INDUSTRIAL APPLICABILITY

As described above, the cobalt-based alloy provided by the
present invention has excellent abrasion resistance and
impact resistance properties as a surface hardening material,
and also satisfies the fluidity property. Therefore, by forming
such a material into a powder shape or a rod shape and
performing surface hardening on various members by weld-
ing or thermal spraying, these members can be expected to
enjoy a considerable improvement in durability.
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Also, the cobalt-based alloy of the present invention is not
limited to usage for filling, so that, by compositely adding this
into a sintered component formed by powder metallurgy to
form hard particles, this can be utilized also for forming a
mechanical component having a good abrasion resistance.

DESCRIPTION OF REFERENCE SIGNS

1 engine valve
2 face surface (surface abutting against a sheet)

The invention claimed is:

1. A wear-resistant cobalt-based alloy for surface harden-
ing of an engine valve, consisting of 21.0 to 25.0 mass % of
Mo, 0.8 to 2.2 mass % of B, 5.0 to 18.0 mass % of Cr, and a
remainder being 55.0 to 70.0 mass % of Co and unavoidable
impurities, wherein the wear-resistant cobalt-based alloy has
a Charpy impact value of 5 J/em? or more and hardness of 52
HRC or more.

2. An engine valve filled or coated with a wear-resistant
cobalt-based alloy, the wear-resistant cobalt-based alloy con-
sisting of 21.0 to 25.0 mass % of Mo, 0.8 to 2.2 mass % of B,
5.0to 18.0 mass % of Cr, and a remainder being 55.0 to 70.0
mass % of Co and unavoidable impurities, wherein the wear-
resistant cobalt-based alloy has a Charpy impact value of 5
J/em? or more and a hardness of 52 HRC or more.

3. The engine valve according to claim 2, wherein at least
a face surface abutting against a sheet is filled or coated with
said wear-resistant cobalt-based alloy.

4. The engine valve according to claim 2, wherein the
engine valve is filled with the wear-resistant cobalt-based
alloy.

5. An engine valve filled or coated with a wear-resistant
cobalt-based alloy, the wear-resistant cobalt-based alloy con-
sisting of 21.0 to 25.0 mass % of Mo, 0.8 to 2.2 mass % of B,
5.0 to 18.0 mass % of Cr, at least one selected from Fe, Ni,
Mn, Cu and C, and a remainder being 55.0 to 70.0 mass % of
Co and unavoidable impurities, wherein a sum of Fe, Ni, Mn,
Cu and C is 5.0 mass % or less, a content of C is 0.3 mass %
or less, and wherein the wear-resistant cobalt-based alloy has
a Charpy impact value of 5 I/cm? or more and hardness of 52
HRC or more.

6. The engine valve according to claim 5, wherein at least
a face surface abutting against a sheet is filled or coated with
said wear-resistant cobalt-based alloy.

7. The engine valve according to claim 5, wherein the
engine valve is filled with the wear-resistant cobalt-based
alloy.

8. An engine valve filled or coated with a wear-resistant
cobalt-based alloy, the wear-resistant cobalt-based alloy con-
sisting of 21.0 to 27.0 mass % of W, 0.8 to 2.2 mass % of B,
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5.0to 18.0 mass % of Cr, and a remainder being 55.0 to 70.0
mass % of Co and unavoidable impurities, wherein the wear-
resistant cobalt-based alloy has a Charpy impact value of 5
J/em? or more and hardness of 52 HRC or more.

9. The engine valve according to claim 8, wherein at least
a face surface abutting against a sheet is filled or coated with
said wear-resistant cobalt-based alloy.

10. The engine valve according to claim 8, wherein the
engine valve is filled with the wear-resistant cobalt-based
alloy.

11. An engine valve filled or coated with a wear-resistant
cobalt-based alloy, the wear-resistant cobalt-based alloy con-
sisting of 21.0 to 27.0 mass % of W, 0.8 to 2.2 mass % of B,
5.0 to 18.0 mass % of Cr, at least one selected from Fe, Ni,
Mn, Cu and C, and a remainder being 55.0 to 70.0 mass % of
Co and unavoidable impurities, wherein a sum of Fe, Ni, Mn,
Cu and C is 5.0 mass % or less, a content of C is 0.3 mass %
or less, and wherein the wear-resistant cobalt-based alloy has
a Charpy impact value of 5 J/cm? or more and hardness of 52
HRC or more.

12. The engine valve according to claim 11, wherein at
least a face surface abutting against a sheet is filled or coated
with said wear-resistant cobalt-based alloy.

13. The engine valve according to claim 11, wherein the
engine valve is filled with the wear-resistant cobalt-based
alloy.
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